1 7 take advantage of limb designs and energy-saving mechanisms that reduce muscular effort. 135
Thus our primary hypothesis is that the parkour athletes will be able to optimise their 136 energetic performance as they become familiar with the affordances of the course. 137
Specifically we predict that improved energy economies will be achieved by the athletes 138 changing locomotor behaviour in response to learning about the mechanical characteristics 139 of the supports. We also predict that the athletes' ability to optimise performance will be 140 influenced by their morphology; thus heavier individuals and those with relatively longer 141 arm spans and shorter legs will be better able to work their environment to their advantage 142 and exploit support compliance as they become familiar with it, compared to those with the 143 converse morphologies. This experimental approach makes it possible to flesh out the 144 scanty fossil record through quantifying the energy economies of locomotion gained by a 145 large-bodied ape from repeatedly traversing an arboreal route, and how these gains are 146 moderated by morphology and locomotor behaviour. 147 148
Material and methods 149
The study was approved by the University of Birmingham Ethics Committee and all 150 athletes provided written, informed consent for their participation. We measured the impact 151 of variation in morphology and locomotor behaviour on the rate of oxygen consumption ( 152 Before their first trial, the athletes were shown around the course to familiarise them with 174 the general route to be taken, the obstacles to be traversed, and the few 'rules' to be 175 followed, such as not touching the ground and not using the edges of certain obstacles. 176
They were then allowed two minutes to further look around (but not touch) the course. This 177 ensured that athletes were relatively naïve concerning the mechanical properties of the 178 supports for their first trial, while being clear about the general route. Separation of the athletes into patterned and unpatterned locomotor profiles was based on 203 the fact that they clearly employed one of these locomotor strategies rather than combining 204 the two types of locomotion (see SOM Figure S2 ). 205
206
The following morphometric data were collected from each participant: height (178.7 ± 7.5 207 cm), mass (73.9 ± 8.1 kg), hip height (height of the anterior superior iliac spine (102.3 ± 4.9 208 cm), right arm length (distance between the acromion process and the centre of the webbing 209 between the thumb and index finger; 60.2 ± 4.9 cm) and arm span (distance between the 210 webbing between the thumb and index finger on the left hand and the corresponding 211 location on the right hand: 156.9 ± 7.1 cm). The webbing between the fingers was used, 212 rather than finger tips, to reflect the distance from the shoulder at which an object may be 213
grasped. 214 215

Statistical analysis 216
General linear repeated measures models with least-squares difference (LSD) post hoc pair-217 wise comparisons were conducted to test for differences between course trials one to four in 
245
To test the validity of our model and course design, we first compared the locomotor 246 behaviour of the parkour athletes on the course to published data for the other great apes. 247
Our aim in the study was to present a large bodied-ape with similar mechanical challenges 248 to those experienced in wild arboreal habitats, and to quantify the morphological attributes 249 and behaviours that facilitated performance optimisation. Thus, it was not our purpose to 250 specifically replicate non-human great ape locomotion. Nevertheless, the range of 251 locomotor behaviours employed by the parkour athletes incorporated many of the 252 behaviours exhibited by non-human apes in response to similar mechanical challenges ( habitats in which data were collected for the other species (because all our athletes followed 257 the course whereas the data for the other great apes is based on animals ranging freely in 258 broad geographical areas), the results show that all of the core locomotor modes (families 259 of biomechanically-linked types of locomotion) typical of great apes were exhibited by the 260 athletes. Torso-pronograde suspension, ride and bridge were not exhibited by the athletes, 261
but current data suggest they may be specific to orangutans ( Raw data are provided in Table 2 . We found that, with greater familiarity of the course, the 269 athletes tended to complete it more quickly; Figure 2A between the athletes' first and fourth trials. We found that the change in time taken to 297 complete the course, and athlete arm span and hip height combined to explain the change in 298 2 O V  between the athletes' first and final trials (Table 3) . There was no evidence that body 299 mass was a predictor variable. In most instances, the athletes completed the fourth trial 300 faster than the first. Since (as described earlier) this was on average associated with only a 301 very small increase in 2 O V  (Fig. 3A) , our results indicate that the increased (Fig. 3B and C) . This 304
indicates that long arm spans and short legs improved the athletes' capacity to find energy 305 16 savings around the course and thus minimise the increase in rate of energy expenditure 306 associated with completing the course in a shorter time. There was no evidence to suggest 307 that the locomotor behaviour profile of each athlete (leaper or scrambler) or the proportion 308 of locomotor behaviours that they changed between the first and fourth trials influenced 309 their ability to attenuate the increase in Our hypothesis that the athletes would be able to optimise their performance as they 339 became familiar with the course was supported. However, this was not achieved entirely as 340 we predicted. Our results offer tantalising experimental evidence that re-using the same 341 branch-to-branch arboreal pathway just once can make a difference to energy expenditure 342 for large bodied apes and re-using it several times may facilitate substantial energy savings. 343
However, contrary to our prediction, the energetic benefit of route familiarity did not lie in 344 changing locomotor behaviour at a gross level (SOM Figure S1 (Figs. 3B and C) . Long arms and short 362 legs allow living apes to harness passive mechanical forces to save energy in patterned 363 gaits. Longer arms, for example, enhance pendulum-length in steady-state brachiation and 364 magnify impulse in leaping, while shorter legs reduce the body's moment of inertia during 365 arm swinging behaviours (Cartmill, 1974; Preuschoft et al., 1992 Preuschoft et al., , 1996 , although long legs 366 might be more beneficial during landing to allow impact forces to be absorbed over a 367 longer period (Preuschoft et al., 1996) . However, in the present study it was arm span, 368 rather than arm length, that facilitated the largest energy savings. The mechanics of 369 unpatterned gaits are little understood because mechanical modelling is restricted to 370 locomotor modes that can be viewed as static systems or are broadly cyclic. However, they 371 are generally perceived to be less beneficial for obtaining energy savings than patterned 372 gaits. We suggest that the benefit of an elongated arm span (more so than only long arms) is 373 that it greatly enhances reach in bridging and reaching manoeuvres, which will enhance the 374 efficacy of both patterned and unpatterned gaits. This explains why the athletes' locomotor 375 profiles as leapers or as scramblers (SOM Figure S2) were eliminated in the modelling 376 process. 377
378
From an evolutionary perspective, our results imply that natural selection for increased arm 379 span and decreased leg length in ancestral arboreal apes travelling and feeding in the forest 380 
